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STATEMENT  OF  THE  PROBLEM 

The  purpose  of  this  research  was  a systematic  study  of  the  dielectric 

properties  of  insulators  containing  dipolar  entities.  In  particular,  the 

measurements  were  of  the  dielectric  constant,  e,  and  the  dissipation  factor, 

tan  5,  as  a function  of  temperature  (4.2K  to  400K  ),  pressure  (0  to  3k  bar 

from  dry  ice  to  room  temperature)  and  frequency  (five  fixed  frequencies  - 

102,  102,5,  103,  103-5,  104  Hz).  The  system  of  interest  included  AER:RE3+, 

AEF:AM+1,  and  optical  and  infrared  transmitting  glasses.  AEF  represents  the 

3+  +1 

alkaline  earth  fluorides  such  as  CaF2»  and  RE  and  AM  stand  for  rare  earth 
and  alkali  metal  ions  respectively,  with  the  symbol  : meaning  "doped  with." 

Also  in  the  course  of  this  investigation,  continual  development  of 
experimental  methods  and  techniques  were  undertaken.  Of  special  note  is  the 
design  and  construction  of  an  automatic  capacitance  bridge  with  computer 
interface  and  control.  This  bridge  enhances  the  development  of  an  automatic 
high  pressure  gauge  with  capability  of  being  a secondary  transfer  standard. 

EXPERIMENTAL  INVESTIGATIONS 
A.  Systems  Studied 

I.  Dielectric  Measurements  [at  five  audio  frequencies  over  the  tempera- 
ture range  5.5K  to  400K] 


1. 

Pure  materials  CaF2»  BaF2»  SrFg,  MgO. 

2. 

CaF2  doped  with  rare  earths  [Ce,  Pr,  Nd,  Sm,  Eu,  Gd,  Tb, 

Dy,  Ho, 

1 

Er,  Tm,  Yb,  Lu]  and  Y,  La  at  various  dopant  concentrations. 

3. 

SrF2  doped  with  Ce,  Eu,  Gd  and  Er  and  two  concentrations. 

' 

4. 

BaF2  doped  with  Er. 

5. 

Double  doped  CaF2  [Er-Sm,  Nd-Tb,  Tb-Tm]  over  temperature 

1 50K  to  400K. 

range  of 

6. 

Annealing  studies  in  alkaline  earth  fluorides  doped  with 

Er. 

7. 

Neutron  and  x-ray  radiation  on  rare  earth  doped  CaF2. 

8. 

CaF2  doped  with  Li,  Na,  K.  Rb,  Cs. 

i 

9. 

SrF2  doped  with  Na  and  K. 

10. 

Diamond. 

< 

11. 

Fifteen  kinds  of  fused  silica. 

12.  Effects  of  radiation  on  fused  silica. 

13.  AS2S.J  and  As2SCj. 

II.  Pressure  Dependence  [high  pressure  measurements  on  selected  relaxation 

peaks] 

1.  CaF2  doped  with  Er. 

2.  Srp2  doped  with  Er. 

III.  Combined  Pressure  and  Temperature  Dependence 

1.  Diamond 

2.  Anisotropic  Materials  --  quartz,  sapphire,  calcite  and  magnesium 
fl  uoride, 

B.  Development  and  Construction  of  an  Automatic  Capacitance  Bridge 
OVERVIEW  OF  EXPERIMENTAL  RESULTS 

Point  defects  play  an  important  role  in  the  mechanical,  optical,  and 
electrical  properties  of  materials.  In  recent  years,  a number  of  experimental 
techniques  have  been  applied  to  defect  systems  in  order  to  better  our  under- 
standing of  the  nature  of  the  defect  as  well  as  the  motion  of  the  defect. 

Among  these  are  electron  paramagnetic  resonance,  nuclear  magnetic  resonance, 
electron  nuclear  double  resonance,  optical  absorption,  ionic  conductivity, 
ionic  thermocurrent,  dielectric  relaxation,  anelastic  relaxation  and  radio- 
active tracer  techniques.  Each  of  these  techniques  has  its  own  advantages 
and  disadvantages  in  elucidating  the  nature  of  the  defect  structure  and  its 
motion  within  a particular  material.  During  the  course  of  these  studies  and 
after  examining  past  measurements  and  the  present  state  of  theoretical  models 
for  the  alkaline  earth  fluoride  system  doped  with  trivalent  impurities,  it 
became  quite  evident  that  if  there  was  hope  of  our  understanding  of  the  point 
defect  nature  of  these  materials  that  a systematic  study  would  have  to  be 
undertaken.  In  particular,  it  is  important  to  note  that  in  many  of  the  pre- 
vious studies, theoretical  models  were  postulated  from  measurements  on  only 
a couple  of  materials, 

Because  of  the  complexity  of  the  defect  structure  which  depends  not 
only  on  the  particular  dopant  but  also  on  past  thermal  history  as  well  as 
dopant  concentration,  it  became  clear  that  systematic  studies  over  a large 
number  of  dopants  and  varying  levels  of  concentrations  would  be  required. 

The  dielectric  relaxation  technique  as  developed  in  this  laboratory  lends 
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itself  to  such  a study  because  of  its  inherent  accuracy  and  precision  and 
also  because  of  our  ability  to  make  measurements  in  situ  on  eight  samples. 

This  technique  allows  for  an  accuracy  in  the  measurement  of  the  activation 
energy  as  well  as  the  pre-exponential  factor  to  a degree  which  is  equal  to 
or  better  than  any  of  the  above  mentioned  experimental  techniques. 

The  major  results  of  our  experimental  investigation  have  been  in  the 
calcium  fluoride  system.  In  particular,  we  have  uncovered  relaxation  phenomena 
at  low  temperatures  which  have  previously  not  been  observed  and  have  also 
shown  the  interplay  between  the  various  relaxation  peaks  as  a function  of 
concentration  and  past  thermal  history.  Because  of  the  measurements  on  a 
large  number  of  different  doped  samples,  we  have  been  able  to  unambiguously 
identify  the  various  relaxation  peaks  in  this  family  of  materials.  A major 
problem  in  the  understanding  of  the  point  defect  nature  in  these  materials 
is  to  identify  the  structure  of  the  defect.  We  have  advanced  the  knowledge 
in  this  area  through  the  measurements  for  the  first  time  of  mixed  crystals, 
that  is,  a crystal  which  contains  two  dopants.  This  has  enabled  us  to  show 
unambiguously  that  one  of  the  relaxation  peaks  must  arise  from  a dimer  --  that 
is,  a defect  which  involves  two  impurity  atoms.  The  measurements  and  analysis 
on  these  mixed  crystals  are  by  no  means  complete.  Also,  we  have  observed  that 
the  relaxation  spectrum  for  strontium  fluoride  is  vastly  different  from  that 
for  calcium  fluoride  and,  while  the  measurements  on  barium  fluoride  are  mini- 
mal, we  can  also  extend  the  above  statement  to  that  system.  At  present,  the 
theoretical  calculations  on  these  systems  are  not  accurate  enough  to  differen- 
tiate between  them.  We  believe  that  the  trends  shown  in  these  measurements 
will  allow  for  further  theoretical  advance  since  the  nature  of  some  of  these 
sites  are  better  known.  In  particular,  point  defects  probe  in  a very  critical 
way  the  short  range  interaction  between  the  constituents  in  the  solid  as  well 
as  the  electrical  polarization  of  the  configuration  in  the  neighborhood  of 
the  defect.  The  measurements  to  date  have  resulted  in  a major  advance  in  the 
determination  of  the  properties  of  some  of  the  point  defects. 

In  order  to  complete  the  study  of  the  alkaline  earth  fluoride  system 
doped  with  rare  earths  as  well  as  other  systems  will  require  a tremendous 
amount  of  data  taking.  In  view  of  this,  it  became  apparent  quite  early  in 
our  study  that  if  we  were  to  complete  our  studies  on  the  alkaline  earth 
fluorides  it  would  require  that  we  be  able  to  take  data  in  an  automated  fashion 
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while  maintaining  our  accuracy  and  precision.  To  this  end,  an  automatic 
capacitance  bridge  has  been  designed  and  constructed,  and  is  now  operational. 
This  instrument  is  unique  in  its  capabilities  and  reduces  the  data  taking 
time  by  better  than  a factor  of  ten.  Besides  this,  it  extends  our  capability 
in  the  dynamic  range  of  measuring  the  imaginary  part  of  the  dielectric  constant 
which  will  allow  us  to  extend  our  measurements  to  higher  temperatures  and  to 
probe  the  ionic  conductivity  portion  of  the  dielectric  spectrum.  This 
capability  will  enable  us  to  extend  our  measurements  from  bound  defects  to 
unbound  defects  which  determine  the  high  temperature  electrical  conductivity 
of  many  insulating  materials. 

In  conjunction  with  *he  bridge  development,  we  have  continued  to  inves- 
tigate the  use  of  a dielectric  sensor  in  the  measurement  of  high  pressure. 

The  automatic  bridge  allows  for  direct  readout  and,  because  it  is  microprocessor 
controlled,  will  enable  us  to  reduce  the  stringent  requirements  on  temperature 
control  from  our  previously  designed  capacitance  pressure  gauge.  This  advance 
will  allow  for  the  development  of  a hiqh  pressure  gauge  which  is  completely 
automatic  and  which  is  extremely  simple  to  run  from  an  operator  standpoint. 

Its  accuracy  is  such  that  it  should  qualify  as  a secondary  transfer  standard. 
Because  the  sensitivity  and  accuracy  of  the  automatic  bridge  is  the  same  as 
that  for  our  manual  bridges,  the  employment  of  the  automatic  bridge  into  the 
capacitance  pressure  gauge  will  result  in  no  loss  of  accuracy  or  sensitivy 
from  our  previously  designed  capacitance  pressure  gauge. 
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RESUME  OF  RESULTS 
1 . Pure  Material s 

The  temperature  dependence  of  the  dielectric  constant  of  pure  calcium 
fluoride,  strontium  fluoride,  barium  fluoride  and  magnesium  oxide  have  been 
measured  over  the  temperature  range  5.5  to  380K,  Tables  have  been  prepared 
listing  the  dielectric  constant  at  20°  intervals  from  5K  to  380K,  Corrections 
to  the  data  have  been  made  in  the  case  of  CaF^  due  to  low  residual  impurities. 

Besides  being  an  important  parameter  in  itself,  the  dielectric  constant 
is  important  as  an  input  parameter  for  the  various  lattice  dynamical  models 
for  these  materials. 

The  temperature  and  pressure  variation  of  the  dielectric  constant  for 
diamond  has  been  measured.  Measurements  were  made  at  atmospheric  pressure 
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over  the  temperature  range  of  5.5  to  340K  and  at  room  temperature  at  pressures 
up  to  1.4  kilobars.  The  curvature  of  the  dielectric  constant  with  temperature 
has  also  been  determined.  Pressure  measurements  based  on  many  techniques  such 
as  capacitance,  optical  interference,  and  photo-elasticity  agree  surprisingly 
well.  The  theoretical  value  for  the  pressure  derivative  is  approximately  a 
factor  of  two  smaller  than  the  experiinental  result.  Also,  the  dielectric 
constant  has  been  measured  as  a function  of  temperature  and  pressure  on  the 
anisotropic  materials  --  quartz,  sapphire,  calcite  and  magnesium  fluoride. 

2.  Alkaline  Earth  Fluorides 
A:  CaF2 

The"  complex  dielectric  constant  has  been  measured  for  calcium  fluoride 
individually  doped  with  13  rare  earths  and  yttrium,  lanthanum  and  double-doped 
with  several  pairs  of  rare  earths.  Five  relaxations  have  been  identified  and, 
because  of  this  systematic  study,  an  unambiguous  labeling  of  the  spectra  has 
been  obtained  for  the  first  time.  The  activation  energies  range  from  0.03 
election  volts  to  1.9  electron  volts,  though  care  must  be  exercised  in  the 
interpretation  for  some  peaks  which  are  not  Debye  like. 

The  activation  energy  of  the  relaxation  denoted  as  scales  directly 
with  the  rare  earth  ion  size  as  shown  in  the  figure  below.  Concentration 
dependence  studies  as  well  as  annealing  studies  indicate  this  to  be  a cluster. 

i. 

o.u 

0.7# 

E(*V) 

0.04 

O.U 

0.4 

1.1  1.14  l.lt  1 .23  1.M  1 J 

IONIC  RADIUS  (A) 

Activation  energy  vc  rare-earth  Ion  lire 

Correlation  with  optical  absorption  studies  in  conjunction  with  annealing 
studies  gives  evidence  that  this  defect  has  a modified  trigonal  symmetry. 

In  an  attempt  to  understand  the  nature  of  some  of  these  relaxation 
peaks,  measurements  were  undertaken  with  calcium  fluoride  doped  with  two  rare 
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earths.  In  the  mixed  crystal  the  RJV  relaxation  peaks  associated  with  the 
single  doped  crystals  have  been  observed  along  with  an  R ^ peak  slightly 
shifted  from  the  relaxation  peak  associated  with  single  doped  crystal  containing 
the  small  rare  earth.  The  results  strongly  suggest  that  is  dimer  associated, 
the  new  peak  being  due  to  a mixed  dimer!  This  shows  that  the  rare  earths  in 
the  dimer  do  not  participate  equally  in  the  reorientation  of  the  fluorine  ion. 

In  order  to  obtain  these  results,  it  was  necessary  to  supplement  the  dielectric 
results  with  measurements  using  the  ionic  thermocurrent  technique,  employing 
the  method  of  peak  enhancement.  The  ITC  measurements  were  carried  out  for  us 
at  the  Naval  Research  Laboratory.  These  mixed  crystal  measurements  unambigu- 
ously substantiate  the  existence  of  the  dimer  formation. 

The  measurements  on  yttrium  were  carried  out  to  see  if  there  would  be  a 
major  effect  on  the  relaxation  spectrum  due  to  the  mass  of  the  dopant.  The 
Rjy  relaxation  activation  energy  for  yttrium  scales  with  the  ionic  radius  as 
found  for  the  rare  earth  dopants  as  well  as  the  pre-exponential  factor.  Thus, 
at  present  it  is  felt  that  there  is  no  mass  dependence  on  the  relaxation 
parameters. 

Some  preliminary  work  has  been  carried  out  on  the  pressut  ■»  dependence  of 
the  Rj  and  R^  relaxations,  The  results  for  the  Rj  relaxation  indicate  that 
the  activation  volume  is  3 cc/mole  and  that  it  is  significantly  smaller  for  the 
RjV  relaxation.  It  shoul d be  emphasized  that  the  pressure  work  is  in  the  early 
stages  and  these  are  only  preliminary  results. 

Crystals  have  been  irradiated  with  gamma  rays  at  room  temperature  and 
the  resultant  relaxation  spectrum  is  similar  to  that  observed  for  an  annealed 
crystal  followed  by  a quench  for  Rj,  Rjjj.  and  Rjy.  The  Rjj  relaxation  appears 
to  be  anomalous  with  a new  relaxation  peak  occurring  in  the  neighborhood  of 
Rjj.  In  addition,  two  new  peaks  anneal  out  at  room  temperature  which  is  not 
the  case  of  any  of  the  peaks  of  the  non-irradiated  material.  The  crystals  must 
be  maintained  below  200K  for  stability  of  these  induced  peaks. 

Measurements  have  been  carried  out  on  the  dielectric  relaxation  spectrum 
for  calcium  fluoride  doped  with  lithium,  sodium,  potassium,  rubidium  and 
cesium.  The  main  defect  structure  is  thought  to  be  a fluorine  vacancy  motion 
which  results  in  the  charge  compensation  when  the  alkali  metal  ion  replaces  the 
calcium  ion  substitutional ly.  The  results  show  one  relaxation  peak  which  is 
attributed  to  vacancy  motion.  The  shape  of  the  relaxation  peak  with  lithium 
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as  the  dopant  appears  anomalous  and  this  may  be  a result  of  the  extremely 
small  ion  size.  Pressure  measurements  will  be  extremely  'mportant  in  this 
system  in  order  to  calculate  the  activation  volume  for  bound  vacancy  motion. 
Measurements  should  be  carried  out  on  the  DC  conductivity  to  obtain  the 
activation  energies  for  both  bound  and  unbound  vacancy  motion. 

B:  SrF^ 

Measurements  on  this  system  have  been  completed  for  four  rare  earths 
(Ce,  Eu,  Gd  and  Er)  in  two  different  concentrations.  It  is  found  that  three 
relaxations  are  characteri Stic  of  the  rare  earths  in  strontium  fluoride.  The 
two  main  relaxation  peaks  are  thought  to  be  associated  with  type  one  and  type 
two  dipoles  (nearest  neighbor  and  next  nearest  neighbor  interstitials  respec- 
tively). In  cerium  doped  material,  only  the  nearest  neighbor  dipole  is 
observed  while  in  Er  and  Gd  both  the  nearest  neighbor  and  next  nearest  neighbor 
dipoles  are  observed.  Er  shows  only  the  next  nearest  neighbor.  The  third 
relaxation  peak  is  found  in  the  low  temperature  region  below  40K  and,  at 
present,  its  nature  is  unknown,  From  the  amplitudes  of  the  relaxation  peaks, 
the  nearest  neighbor  relaxations  appear  to  be  in  thermal  equilibrium,  The 
identification  of  the  two  more  prominent  dipoles  correlates  well  with  electron 
spin  resonance  results  which  show  that  the  site  symmetry  goes  from  tetragonal 
to  mixed  to  trigonal  as  one  goes  from  Ce  to  Er. 

The  low  temperature  peak  is  analogous  to  the  Rjjj  relaxation  found  in 
calcium  fluoride  and,  to  our  knowledge,  has  not  been  reported  previously.  It 
appears  to  be  associated  with  clustering  since  it  is  only  seen  in  crystals  with 
concentrations  greater  than  0.1  mole  %.  In  comparison  to  calcium  fluoride, 
it  requires  a higher  concentration  of  the  dopant  before  it  is  observed. 

Crystals  of  strontium  fluoride  doped  with  sodium  and  potassium  have 
been  measured.  As  in  the  above  system,  one  main  peak  is  observed.  However, 
in  the  low  temperature  region  there  is  a large  amount  of  structure  with  at 
least  three  new  peaks  being  observed,  There  is  some  evidence  that  sodium  and 
potassium  go  in  interstitial ly  in  these  materials  and  further  measurements 
will  be  required. 

The  complex  dielectric  constant  for  erbium  doped  strontium  fluoride  has 
been  measured  at  pressures  up  to  0.4  GPa  over  the  temperature  range  300-360K. 
Consequently,  the  reorientation  of  Type  II  dipole  (substitutional  rare-earth 
and  next-nearest  neighbor  interstitial  fluorine  charge  compensator)  has  been 
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studied.  The  activation  volume  for  the  motion  is  found  to  be  4.7  - 0.1  cm  /mole. 
It  is  argued  that  this  value  should  be  similar  to  the  migration  vp’ume  for 
“free"  interstitials.  Excellent  agreement  is  found  between  a value  for  the 
migration  volume  for  "free"  interstitials  calculated  from  Flynn's  dynamical 
diffusion  model  and  the  experimental  value  for  bound  interstitials.  The 
compressibility  of  the  activation  volume  is  found  to  be  more  than  an  order  of 
magnitude  greater  than  the  compressibility  of  the  host  lattice. 

C:  BaF2 

0hT>Tprel iminary  measurements  have  been  made  on  this  system  with  one 
rare  earth,  namely  Er.  It  is  difficult  to  make  extrapolations  from  a single 
material;  however,  this  one  material  does  indicate  that  the  defect  structure 
is  entirely  different  from  those  previously  observed.  The  relaxation  spectrum 
shows  only  one  very  broad  relaxation  peak  for  concentrations  up  to  1 mole  %. 

Ionic  thermocurrent  measurements  show  four  relaxation  peaks  to  be  associated 
with  this  single  broad  relaxation  in  the  dielectric  spectrum.  The  activation 
energy  is  found  to  be  around  0.57  electron  volts  and  the  dominant  defect 
structure  is  thought  to  be  trigonal.  There  appears  to  be  no  clustering  and 
it  should  be  borne  in  mind  that  these  measurements  are  preliminary  in  nature. 

D : Anneal  Studies 

Samples  of  CaF2:Er,  SrF^iEr  and  BaF2:Er  having  nominal  concentrations  of 
0.01,  0.1,  and  1.0  mole  % were  annealed  in  vacuum  at  1120K  and  quenched  by 
withdrawing  the  annealing  tube  from  the  furnace.  The  samples  remained  clear 
after  this  treatment.  The  crystals  were  examined  before  and  after  treatment 
using  optical  and  dielectric  spectroscopy.  The  optical  spectra  were  taken  on 
a Cary  17  recording  spectrophotometer. 

Five  relaxations  were  studied  in  CaF2:Er.  The  lowest  temperature,  0.03  ev, 
relaxation,  which  grows  monotonical ly  with  concentration  and  is  thought  to  be 
cluster-associated,  was  observed  to  decrease  when  the  samples  were  annealed  and 
quenched.  In  the  0.3  mole  1 sample,  for  example,  the  0.03  ev  relaxation 
decreased  by  a factor  of  three.  The  0.15  ev  relaxation,  on  the  other  hand, 
grew  by  a factor  of  three.  The  optical  absorption  bands  recently  associated 
with  clustered  rare-earth  ions  showed  a decrease.  An  increase  in  absorption 
bands  associated  with  relaxations  having  tetragonal  symmetry  was  observed. 

The  magnitude  of  the  increase  in  the  tetragonal  absorption  bands  was  close  to 
three. 


In  the  S^iEr  where  the  low  temperature  dielectric  relaxation  is  not 
observed  until  higher  concentrations  than  in  the  CaF2:Er,  the  samples  show 
little  change  upon  annealing  and  quenching  at  concentrations  less  than  0.1 
mole  %.  The  1.0  mole  % samples  show  a decrease  in  the  low  temperature  relaxa- 
tion spectra  upon  annealing  and  quenching.  Some  growth  has  been  observed  at 
intermediate  temperatures.  No  substantial  change  in  the  principal  relaxation 
was  observed.  The  DC  conductivity  was  significantly  enhanced  at  high  tempera- 
tures. The  optical  absorption  spectra  showed  a substantial  decrease  in 
spectral  regions  similar  to  the  CaF^rEr.  No  growth  in  absorption  was  observed. 

In  the  BaF2:Er  samples,  where  no  low  temperature,  cluster-associated 
relaxation  is  observed  up  to  concentrations  of  1.0  mole  %,  the  dielectric 
spectrum  showed  no  significant  changes  other  than  an  increased  DC  conductivity. 
The  optical  spectra,  on  the  other  hand,  showed  a decrease  in  absorption 
similar  to  that  observed  for  CaF2:Er  and  S^tEr.  No  increase  in  absorption 
was  observed. 

Further  experiments  were  conducted  to  attempt  to  restore  the  samples 
to  their  original  state,  Samples  of  CaF2:Er  having  concentrations  of  0,3  mole 
% and  1,0  mole  % were  annealed  in  vacuum  at  temperatures  of  620K,  645K,  670K, 
and  695K  for  15  minutes  and  quenched  in  the  same  manner  as  the  original 
quenching,  In  the  0.3  mole  t sample,  the  changes  in  the  optical  spectrum  were 
found  to  be  reversible,  The  dielectric  spectra,  however,  showed  no  changes  in 
the  three  peaks  which  grew  after  the  original  annealing  and  quenching. 

3,  Fused  Silica 

Measurements  of  the  dielectric  constant  and  dielectric  loss  have  been 
performed  on  fifteen  kinds  of  fused  silica  over  the  temperature  range  5.5  to 
380K.  The  dielectric  relaxation  spectrum  is  characteristic  of  the  production 
process  used  in  making  the  materials,  All  of  the  materials  have  a low  tempera- 
ture peak  characteristic  of  the  glass  structural  relaxation.  For  those 
materials  with  substantial  OH*  impurity,  an  extremely  low  temperature  relaxa- 
tion peak  is  observed.  This  is  indicative  of  tunneling  and  a lower  temperature 
capability  will  be  required  to  complete  this  study.  Materials  were  subjected 
to  gamma  radiation  and  the  resultant  radiation  darkening  appears  to  be 
directly  related  to  the  existence  of  a particular  loss  peak  in  the  virgin 
material,  The  240K  relaxation  is  attributed  to  an  aluminum  alkali  center 
and  the  gamma  ray  induced  relaxation  is  attributed  either  to  an  aluminum 
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oxygen  hole  center  or  to  a non-local  alkali  atom.  Isochronal  annealing  of  the 
samples  in  conjunction  with  ESR  and  further  dielectric  measurements  are 
currently  underway  to  test  these  identifications.  Also,  accurate  values  for 
the  real  part  of  the  dielectric  constant  were  presented  for  many  of  the 
samples  for  the  first  time. 

4.  As^S^  and  As^Se^ 

The  complex  dielectric  constant  has  been  measured  over  the  temperature 
range  5.5  to  300K  at  zero  pressure  and  at  pressures  up  to  3k  bar  over  the 
temperature  range  260-300K  for  various  samples  of  vitreous  As^Se ^ and  As^S^. 

In  addition,  the  pressure  dependence  of  the  refractive  index  at  optical 

frequencies  has  been  measured  for  vitreous  As^S^.  In  both  materials  a broad  C 

maximum  is  found  in  the  real  part  of  the  dielectric  constant  at  low  temperatures.  ^ 

There  appear  to  be  no  corresponding  anomalies  in  the  conductivity.  In  addi-  k 

tion,  a Debye  type  relaxation  is  observed  in  the  sample  of  As^Se^  studied.  f 

Optical  absorption  measurements  have  also  been  carried  out  on  this  material.  j* 

5 . Automatic  Cap ac itance  B r i dcje  [■ 

An  automatic  capacitance  bridge  has  been  designed  and  constructed.  It 
is  now  operational  and  in  the  last  month  has  replaced  our  manually  balanced 
bridge.  It  has  been  built  around  a GR-1615  three  terminal  capacitance 
bridge  and  retains  all  of  the  accuracy  and  range,  This  bridge  operates  with 
three  volts  across  the  sample  at  all  of  the  frequencies.  It  has  a lower 

sensitivity  of  3 x 10"**  picofarads  and  a loss  capability  of  1 part  in  10,000  • 

or  3 x 1 0-ti  pf  equivalent  in  loss.  The  system  has  eight  digit  readout  on  the 

capacitance  and  four-1/2  digit  readout  on  the  loss  with  the  1/2  digit  being 

an  internal  interpolation  by  the  microprocessor.  An  example  of  the  power  of 

employing  a microprocessor  control  in  the  bridge  has  been  a reduction  in 

the  noise  level  by  an  order  of  magnitude  through  microprocessor  sampling  of 

the  signal  to  eliminate  60  cycle  line  related  noise. 

The  bridge  can  be  operated  in  several  different  modes,  For  example, 
one  mode  cycles  through  all  five  frequencies  and,  by  controlling  an  external 
electronic  switching  system,  will  cycle  through  eight  samples.  This  reduces 
the  time  to  take  data  at  a single  temperature  from  25  minutes  ;o  approximately 
two  minutes . 

A future  development  will  allow  for  control  of  the  cryostat  temperature 
so  that  the  entire  system  will  be  automatic  with  direct  interface  to  computer 


-10- 


r 


for  data  storage  and  analysis.  This  will  allow  a much  finer  temperature  scan 
which  is  necessary  for  complete  data  analysis. 

6.  Dielectric  Pressure  Gauge 

One  of  the  goals  of  the  present  research  program  was  to  investigate 
the  feasibility  of  dielectric  materials  to  be  used  as  pressure  transducers. 
Prior  to  the  present  research,  a dielectric  pressure  gauge  was  developed  which 
used  a calcium  fluoride  sensor.  A goal  of  the  present  work  was  the  investiga- 
tion of  other  possible  materials  to  be  used  as  the  transducer  material  as 
well  as  the  development  of  an  automatic  bridge  so  that  the  pressure  could  have 
direct  readout.  With  respect  to  materials,  two  advances  have  been  made.  It 
has  been  found  that  the  "undamped"  dielectric  constant  for  a-quartz  has  a 
zero  temperature  coefficient  at  just  about  room  temperature,  While  there  is 
a piezoelectric  contribution  to  the  dielectric  constant,  (which  is,  in  fact, 
responsible  for  cancelling  the  intrinsically  positive  temperature  coefficient) 
there  is  no  a priori  reason  to  expect  difficulties  with  this  material  for  use 
in  a hydrostatic  pressure  system.  The  second  recent  advance  concerns  the  use 
of  dipoles  to  cancel  the  temperature  coefficient  of  capacitance.  This  has 
resulted  from  the  study  of  rare  earth  doped  strontium  fluoride  wherein  the 
dipolar  complexes  have  a very  large  dipole  moment.  In  addition,  large  concen- 
trations of  the  dipoles  can  be  incorporated  into  the  lattice.  The  problem 
initially  was  that  the  relaxation  occurred  at  too  high  a temperature.  (For 
Er  doped  S^,  the  temperature  coefficient  is  zero  at  about  350K.)  However, 
for  large  rare  earths  (Ce),  the  authors  have  found  a single,  strong  relaxation 
below  room  temperature.  Consequently,  it  should  be  possible  to  cancel  the 
intrinsically  positive  temperature  coefficient  of  Sr^  (which  is  smaller  than 
that  for  CaF^  to  begin  with)  at  room  temperature.  This  possibility  is 
currently  being  investigated,  Finally,  with  the  microprocessor  controlled 
bridge,  one  is  now  able  to  correct  internally  for  the  non-linearity  of  the 
capacitance  as  a function  of  pressure.  Consequently,  the  readout  is  direct 
in  any  pressure  units, 
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